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CLAIMS 



[Claim(s)] 

[Claim 1] It is the portable fuel cell characterized by being the portable fuel cell in which the hydrogen from a 
hydrogen source of supply, the fuel cell main part generated using the air taken in from the outside, and the heater for 
starting which heats this fuel cell main part using the power generated by this fuel cell main part to during starting were 
carried at the portable case, and for the aforementioned heater for starting contacting this fuel cell main part along with 
the outside surface of the aforementioned fuel cell main part, and arranging it. 

[Claim 2] The aforementioned heater for starting is a portable fuel cell according to claim 1 characterized by being a 
field-like heater. 

[Claim 3] It is the portable fuel cell according to claim 1 which the aforementioned fuel cell main part carries out the 
laminating of the cell with which it comes to allot an anode and a cathode to an electrolyte, and the separator with 
which the hydrogen gas path and the air duct were formed by turns, and is the laminated structure which pressed down 
the ends by the end plate of a couple, and is rhflrartPriypHJ^rnheHHing the af orementioned heater for starting in the 
rrpvjr p % mp ^ jn the field inside ihe aforeme n tinned end plate. 

[Claim 4] The aforementioned heater for starting is a portable fuel cell according to claim 1 characterized by being 
embedded in the cylinder-like space which is a cylindrical heater and was formed in the interior of the aforementioned 
end plate. 

[Claim 5] The aforementioned heater for starting is a portable fuel cell according to claim 1 characterized by being 
allotted by high density to an air inlet side rather than the air-outlet side of the aforementioned fuel cell main part. 
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DETAILED DESCRIPTION 



Detailed Description of the Invention] 
: 0001] 

'The technical field to which invention belongs] Especially this invention relates to improvement of the temperature up 

technology of the cell stack in fuel cell during starting about a portable fuel cell. 

;0002] 

^Description of the Prior Art] The portable fuel cell supplied reaction air and hydrogen gas in the cell stack, and has 
generated them using the electrochemical reaction in that case. Therefore, the generating efficiency of a portable fuel 
cell does not have the reaction efficiency of air and hydrogen gas good for a low sake to the during starting from which 
die cell stack serves as low temperature. 

[0003] Although the temperature of a cell stack rises gradually with heat of reaction as the aforementioned reaction 
advances, the programming rate is slow. Then, it is necessary to carry out the temperature up of the cell stack of a room 
temperature to during starting to an operating temperature (about 1 00 degrees C) for a short time. As the means, the 
reaction air heating heater was formed in the reaction air inlet side of a fuel cell main part from the former. 
Consequently, the reaction air which carried out the heat exchange to the aforementioned reaction air heating heater 
was supplied into the fuel cell main part, and the temperature up of the aforementioned cell stack was made by the heat 
exchange of this reaction air and a cell stack. 

[0004] . . 

[Problem(s) to be Solved by the Invention] By the way, since a cell stack carries out two or more sheet laminating or 
the separator to a cell by turns and is constituted, a cell exists in the cell located in the maximum outside only at one 
side. Therefore^ in the cell of the maximum outside, there are many heat releases to the one side shell exterior where the 
next cell does not exist, and a temperature up cannot be easily carried out compared with the cell located near a center 
section. Consequently, there was a trouble that the temperature distribution in a cell stack could not become uniform 
easily 

[0005] Moreover, in the low-temperature section in a cell stack, the moisture generated with the aforementioned 
reaction was hard to be discharged, and there was also a problem that short-lived-izing of a battery life, decline in a 
generating efficiency, etc. were caused. Here, in order to cancel the above-mentioned trouble, thermolysis out of a cell 
stack is suppressed and the temperature up of the maximum outside cell should just be carried out easily. As a means 
for that, it is possible to arrange adiathermancy material in the outside surface of a fuel cell main part. However, since 
the heat exchange of the aforementioned reaction air heating heater and reaction air and the heat exchange of reaction 
air and a cell stack are not fully made, it cannot be said that equalization of the temperature distribution in a cell stack is 

effectively made in this case. . 

[0006] Then, this invention aims at offering the portable fuel cell which can equalize the temperature distribution in the 

cell stack in during starting efficiently in view of the above-mentioned trouble. 

[0007] li 
[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it sets to invention 
according to claim 1. The fuel ceil main part generated using the air taken in from the hydrogen and the outside from a 
hydrogen source of supply at the portable case, It is the portable fuel cell in which the heater for starting which heats 
this fuel cell main part using the power generated by this fuel cell main part to during starting was earned, and the 
aforementioned heater for starting is characterized by being contacted and allotted to this fuel cell main part along with 
the outside surface of the aforementioned fuel cell main part. run 
[0008] In invention according to claim 2, the aforementioned heater for starting is characte rized by being a field-like 
heater. In invention according to claim 3, the aforementioned fuel cell main part carries out the laminating of the cell 
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with which it comes to allot an anode ai. cathode to an electrolyte, and the sepaix with which the hydrogen gas 
path and the air duct were formed by turns, it is the laminated structure which pressed down the ends by the end plate 
of a couple, and the aforementioned heater for starting is characterized by being embedded in the crevice formed in the 
field inside the aforementioned end plate. 

[0009] In invention according to claim 4, the aforementioned heater for starting is a cylindrical heater, and is 
characterized by being embedded i n thp ry]jn^ e r-like space formed in the interior n f thp afnTpmflarinnc^ nH plate. In 
invention according to claim 5, the aforementioned heater for starting is characterized by being allotted by high density 
to an air inlet side rather than the air-outlet side of the aforementioned fuel cell main part. 
[0010] According to the portable fuel cell according to claim 1 to 5, the heater for starting generates heat using the 
power generated by the fuel cell main part to during starting, and heats a fuel cell main part. Although the temperature 
of the portion near [ part / for the center section ] an outside surface tends to become low , since the heater for starting is 
arran ged alo n g with the outside surface of a fuel cell main par t, a fuel cell main part can~equaiize tne temperature 
distribution of the center section of the fuel cell main part, and an outside surface. Moreover, since the heater for 
starting is contacted and arranged on the fuel cell main part, a fuel cell main part can be directly heated efficiently by 
heat conduction. 

[001 1] Here, since it can also make it easy to arrange the heater for starting on the portion to which temperature tends 
to become low also in an outside surface by high density, temperature distribution can be equalized more effectively. 
According to th e portable fuel cell according to claim 2, since the heater for starting is a field-like heater, it is easy to 
allot this along with the outside s urface of a fuel cell main part, and, on the whole, the outside surface of a fuel celj 
main part canoe heated efficiently. . 

[001 2] Since a fuel cell mam part is a laminated structure according to the portable fuel cell according to claim 3, 
Although the temperature of the cell by the side of an end plate tends to become low rather than the cell of a center 
section, since the heater for starting is embedded in the crevice formed in the field inside the end plate of a fuel cell 
main part While being able to equalize the temperature distribution by the side of a center section and an end plate, 
there are few losses to the exterior of the heat generated at the heater for starting, and they can heat a fuel cell main part 
efficiently. 

[0013] According to the portable fuel cell according to claim 4, since the heater for starting is a cylindrical heater, it is 
comparatively cheap and economical. Moreover, since the aforementioned heater for starting is embedded to the 
interior of the end plate of a fuel cell main part, heat conduction to a fuel cell main part is efficiently made for loss of 
the heat generated at this heater few. According to the portable fuel eel! according to claim 5, although the temperature 
by the side of an air inlet tends to become low rather than an air-outlet side, since the heater for starting is arranged by 
high density to the air inlet side rather than the air-outlet side of a fuel cell main part, a fuel cell main part can also 
equalize the temperature distribution to the flow direction of the air of a fuel cell main part. 
[0014] 

[Embodiments of the Invention] Hereafter, one example of this invention is explained concretely, referring to a 
drawing. 

(Example 1) Drawing 1 is the whole portable fuel cell perspective diagram, and drawing 2 is a X-X line cross section in 
drawing 1 . 

[001 5] The portable fuel cell consists of a housing 1 , a hydrogen storing metal alloy tank 2, and a fuel cell main part 3, 
as shown in drawing 1 and drawing 2 . The interior is divided into four space A, B, C, and D by Septa 1 0a, 1 0b, and 
10c as a housing 1 is shown in drawing 2 . The left-hand side section space A in a housing 1 serves as a hydrogen 
storing metal alloy tank hold room, and the hydrogen storing metal alloy tank 2 is held in the interior. Moreover, the 
center-section space B serves as a fuel cell main part loading room, and the fuel cell main part 3 is carried in the 
interior. On the otljer hand, the right-hand side section space C in a housing 1 is an air supply room, and the up space D 
is power generation control room. In addition, although slit-like an air-intake 1 1 and the air exhaust port 12 are 
prepared in the upper part of a housing 1, respectively, it is possible by putting a top cover 13 at the time of portable 
fuel cell un-using it to seal a housing 1 . 

[0016] As the hydrogen storing metal alloy tank hold room A is shown in drawing 1 , opening 14 is formed in the 
upper limit, and the lock out lid 1 5 which can be freely opened and closed to this opening 14 is attached. The hydrogen 
storing metal alloy tank 2 is carrying out composition which carried out two or more (example of illustration 5) 
successive installation of the cylinder-like hydrogen storing metal alloy tank simple substance 20a by the horizontal 
position between the supports 21 of a couple, and can equip with it in the hydrogen storing metal alloy tank hold room 
A through the aforementioned opening 14. 

[0017] In addition, the coupler 22 used as the output port of hydrogen gas is formed in the upper limit, and this coupler 
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22 and the hydrogen supply side manifo 3 are connected with one side of the afo. mentioned support 21 by the 
lydrogen supply pipe 41 . Drawing, 3 is drawing showing the fuel cell main part 3. The fuel cell main part 3 carries out 
two or more sheet laminating of the cell 3 1 which arranges an anode on one electrolyte layer side, and comes to allot a 
cathode to an another side side, and the separator 32 which forms a hydrogen gas path in an air duct and the vertical 
direction horizontally by turns, and is carrying out composition which faced across the both-sides edge by the end plate 
33 of a couple. Moreover, the hydrogen supply side manifold 23 and the hydrogen eccrisis side manifold 24 are formed 
in the upper surface and the inferior surface of tongue. 

[0018] The loading direction inside [ housing 1 ] this fuel cell main part 3 is set up in the direction in which reaction air 
circulates from right-hand side to left-hand side, and the heat exchange of the exhaust is carried out to the hydrogen 
storing metal alloy tank 2, as arrows PI and P2 show to drawing 2 . As shown in drawing 3 , the heater 34 for starting 
Df a couple is arranged in the outside surface of the ends board 33 which constitutes the fuel cell main part 3. Hereafter, 
this heater 34 for starting is explained. 

[0019] The heater 34 for starting is a 250W-silicon rubber heater of a thin plane, over the whole outside surface of th e 
3 nds board 33 of the f uel cell main part 3^ contacts and is arranged, for example. The aforementioned heater 34 tor 
sfarting operates with the power generated by portable fuel cell during starting by the fuel cell main part 3, heats the 
fuel cell main part 3, and stops at the time of the usual operation. 

[007.0] The Aforementi oned heater 34 for starting is electrically connected with the controller 35 formed in the power 
generationcbntrol room D, and an operation and a halt are controlled by this controller 35. Thaf is, if the minimum 
value o f the power generation voltage of a portable fuel cell is beyond a fixed refer ence va lue, a controller 35 will 
enablelhe output to theexterior and w ill stop the aforementioned heater 34 for starting. In addition, when the 
t Smperatur r of the f ucte ell main part 5 talis tor example by the fall of reaction air temperature etc. at the time of the 
usual operation, the aforementioned heater 34 for starting operates again. ~ 

[0021] By the above-mentioned composition, the heater 34 for starting operates to the during starting of a portable fuel 
cell, and the fuel cell main part 3 is heated. Here, since this heater 34 for starting is contacted and arranged on the 
outside surface of the aforementioned ends board 33, the temperature up near the outside surface of the fuel cell main 
part 3 is made easily, and equalization of the temperature distribution in the fuel cell main part 3 is attained Next, the 
effect of the heater 34 for starting in this example is explained, comparing with the conventional example. 
[0022] Although the portable fuel cell of the conventional example has the same whole composition as this example 
shown in drawing 2 . only the composition of the heater for starting is ************** That is, in the conventional 
example, for example, the sheath heater with a 400 W-SND fin is used, and the heater 34 for starting is installed in the 
air supply room C, without making the fuel cell main part 3 mntact Therefore T th e fuel cell m ain part 3 has 
exposition indirectly heated throu gh the hot reac tion air whic h carried out the heat exchange to the heater for startin g. 

[0023] On the other hand, since the outside surface of the ends board 33 of the fuel cell main part 3 is made to contact, 
it is arranged and the fuel cell main part 3 is directly heated at this heater 34 for starting as shown in drawing 3 , 
compared with the conventional example, the temperature up near the outside surface of the fuel cell main part 3 is 
made for a short time, and, moreover, the heater 34 for starting of this example can prevent the heat loss from the 
maximum outside cell in the fuel cell main part 3. Therefore, equalization of the temperature distribution in the fuel cell 
main part 3 can be attained effectively, and shortening of the warm-up time of a portable fuel cell can be attained. 
[0024] The effect of the heater 34 for starting in this example is supported by the following experimental results. The 
experiment measured the cell temperature 10 minutes after [ of each fuel cell main part 3 ] starting using the portable 
fuel cell in this example and the conventional example. E-M of drawing 8 shows the thermometry position in the fuel 
cell main part 3 used for the experiment. In addition, although there is 30 laminating number of sheets of the cell in the 
fuel cell main part 3, the part is omitted on account of illustration. Moreover, the thermometry position was made into a 
total of nine places which consist of three places, the air inlet sections E, H, and K, center sections F, I, and L, and the 
air-outlet sections G, J, and M, about each of the 1st layer cell (the maximum outside cell), the 16th layer cell (central 
cell), and the 30th layer cell (the maximum outside cell) as shown in drawing 8 . 

[0025] Drawing 9 shows the temperature, the air inlet section K of the 30th layer cell (the maximum outside cell) in the 
above-mentioned experiment, a center section L, and the air-outlet section M, of three places. As shown in drawing 9 , 
in this example, compared with the conventional example, heating of the fuel cell main part 3 is made efficiently, and 
can make high temperature of the 30th layer cell (the maximum outside cell). Therefore, in portable fuel cell during 
starting, equalization of the temperature distribution in the fuel cell main part 3 can be attained effectively. 
[0026] Furthermore, Table 1 can also explain this. 
[0027] 
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[Table j] 













100 


65 


80 




100 


75 


85 



Table 1 shows the maximum temperature in the temperature of nine places, minimum temperature, and mean 
temperature of the above-mentioned experiment. Although the maximum temperature in the fuel cell main part 3 is 
with this example and the conventional example and it is 100 degrees C equally as shown in Table 1, no less than 10 
degrees C are high to the minimum temperature in the fuel cell main part 3 in mis example being 75 degrees C, and the 
minimum temperature in the conventional example being 65 degrees C. Moreover, although the mean temperature in 
the fuel cell main part 3 was also 80 degrees C in the conventional example, it is high to 85 degrees C in this example. 
Therefore, in this example, the temperature gradient of the maximum temperature in the fuel cell main part 3 and the 
minimum temperature is small, and can attain equalization of the temperature distribution in the fuel cell main part 3 
rather than the conventional example. 

[0028] Furthermore, as for the temperature in the fuel cell main part 3, power generation voltage is related. This is 
shown by the following experiments. The experiment measured the cell voltage 5 minutes after [ of each fuel cell main 
part 3 ] starting using the portable fuel cell in this example and the conventional example. In addition, the fuel cell main 
part 3 used the amplitude-measurement cell as the 1st layer cell (the maximum outside cell), the 16th layer cell (central 
cell), and the 30th layer cell (the maximum outside cell) using what was shown in drawing 9 . 



0029] 
[Table 21 
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*1)«K^K 130rnA/cm 2 , »jfe¥*£)iaflE 60"C 

*2)*«L8lt 130mA/cm 2 , 65"C 

Table 2 shows the cell voltage in the above-mentioned experiment. Although the cell voltage of the 16th layer cell 
(central cell) is with this example and the conventional example and it is 500mV equally as shown in Table 2, the cell 
voltage of the 1st layer and the 30th layer cell (the maximum outside cell) in this example is 470mV, and no less than 
70mV of eel! voltage of the 1st layer and the 30th layer cell (the maximum outside cell) in the conventional example is 
high to being 400mV. Therefore, by equalizing the temperature distribution in the fuel cell main part 3, the power 
generation voltage of the fuel cell main part 3 whole is high, and a bird clapper is understood 
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{0030] By the way, in this example, if ti linimum voltage of the fuel cell main pa becomes beyond a fixed 
reference value, composition whose output to the portable fuel cell exterior is attained is carried out. Therefore, in this 
example, since the voltage of the maximum outside cell is high compared with the conventional example, the warm-up 
time of a portable fuel cell can be shortened. 

(Example 2) Next, the portable fuel cell concerning an example 2 is explained. In addition, since the arrangement 
gestalten to the fuel cell main part 3 of the heater 34 for starting only differ compared with the above-mentioned 
example 1, this example omits explanation about the composition of the whole portable fuel cell. 
[003 1 ] Drawing 4 is the 1 partial -solution view of the fuel cell main part 3 in an example 2. While the end plate 33 of 
the couple which constitutes the fuel cell main part 3 consists of adiathermancy material, the crevice 51 is mostly 
formed in each medial surface over the whole. This crevice 51 is for arranging the heater 34 for starting in an end plate 
33, and in this crevice 51, the heater 34 for starting is embedded without a crevice, and is arranged. That is, the fuel cell 
main part 3 has composition heated directly from the inside of each end plate 33, and a heat exchange is efficiently 
carried out to the aforementioned heater 34 for starting. Therefore, while being able to attain equalization of the 
temperature distribution in the fuel cell main part 3 more effectively, shortening of warm-up time can be attained. 
[0032] (Example 3) Also in the portable fuel cell concerning an example 3, the arrangement gestalten to the fuel cell 
main part 3 of the heater 34 for starting only differ compared with the above-mentioned example 1. Drawing 5 is the 
general drawing of the fuel cell main part 3 in an example 3. The heaters 34a and 34b for starting are arranged in th e 
outside surf ace of the end pla jfiJ3 of the couple which constitutes the fuel cell main part 3 in latus area to the air inlet 
9rde~TaTrTeTthan the air-outlet side, respectively. That is, the rate of arrangement to the end plate 33 of the heater for 
starting is higher than an air-outlet side at an air inlet side. For example, although heater 34a for starting of the shape of 
a strip of paper of one sheet is arranged in the air inlet side over the whole in the lower part from the upper part of each 
end plate 33, it is divided into three portions, the upper part of each end plate 33, the central part, and the lower part, 
and small heater 34b for starting is arranged in the air-outlet side. 

[0033] Although it is hard to go up temperature in order that the air inlet side of the fuel cell main part 3 may contact 
low-temperature reaction air, if an air-outlet side compares an air inlet side in order to contact exhaust, temperature will 
tend to go up it. Therefore, by arranging heater 34a for starting in the air inlet side by which a temperature up cannot be 
carried out easily in latus area, the temperature up by the side of an air inlet is made easily, and can attain equalization 
of the temperature distribution in the fuel cell main part 3 effectively. 

[0034] (Example 4) To be shown in drawing 6 , small heater 34b [ two or more (the example of illustration nine 
pieces) ]fcr starting can be made to be able to arrange over the whole outside surface of the end plate 33 of a couple, 
and eachheater J4b lor StiUling call alsoT>e individually controlled by the controller which is not illustrated again. In 
this case, in accordance with the temperature distribution in the fuel cell main part 3, the field of the inner low 
temperature of each whole end plate 33 can be heated alternatively, and equalization of the temperature distribution in 
the fuel cell main part 3 can be attained more effectively. 

[0035] (Example 5) Also in the portable fuel cell concerning an example 5, the configuration of the heater 34 for 
starting only differs from the arrangement gestalt to the fuel cell main part 3 compared with the above-mentioned 
example 1 . Drawing 7 is the general drawing of the fuel cell main part 3 in an example 5. The end plate 33 of the 
couple of the fuel cell main part 3 is constituted by thermally conductive good metal plates, such as aluminum. In 
addition, in order to suppress heat loss to the lateral surface of each end plate 33, adiathermancy material (not shown) is 
allotted, and in order to plan electric insulation with separator 32 to a medial surface, electric insulation material (not 
shown) is allotted Moreover, the pillar-like space [ two or more / horizontally / (the example of illustration four 
pieces) ] 52 is mutually formed mostly in the interior of each end plate 33 at equal intervals. 

[0036] It is the cylindrical (diameter [ of 4mm ], length of 70mm) heater of SOW, and heater 34c for starting is inserted 
that there is no crevice in the interior of each aforementioned pillar-like space 52 from the direction shown in drawing 7 
by the black arrow P3. That is, the aforementioned heater 34c for starting is embedded to the interior of each end plate 
33, and heats the fuel cell main part 3. Here, since adiathermancy material is allotted to the lateral surface of the 
aforementioned end plate 33, there is little loss of the heat to the outside of the fuel cell main part 3 of heater 34c for 
starting. Furthermore, since this heater 34c for starting is embedded to the interior of an end plate 33, it does not have 
contact to fuel gas (hydrogen and air). Therefore, equalization of the temperature distribution in the fuel cell main part 
3 can be attained effectively. 

[0037] In addition, although this example showed the example which embeds cylindrical heater 34c to the interior of an 
end plate 33 horizontally, you cannot restrict to this, for example, may also embed perpendicularly, and a plane heater 
can also be embedded to the interi or of an end pla_ _3X- 
[0*038] * 

http://www4.ipdI.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/2/02 



[Effect of the Invention] As mentioned . /e, in invention according to claim 1, tht .ater for starting is contacted and 
arranged on this fuel cell main part along with the outside surface of a fuel cell main part. Therefore, heat conduction to 
a fuel cell main part is made directly, the temperature up of near the outside surface in a fuel cell main part is carried 
out easily, and equalization of the temperature distribution in a fuel cell main part can be attained effectively. 
[0039] Moreover, since the temperature up in a fuel cell main part is made easily, the minimum value of cell voltage 
can be raised. Here, if the minimum voltage of a fuel cell main part becomes beyond a fixed reference value, since 
composition whose output to the exterior is attained is carried out, shortening of warm-up time can be attained. 
Furthermore, since it is discharged prompdy, without accumulating the moisture generated in connection with 
electrochemical reaction in a fuel cell main part, there is little damage on a fuel cell main part, and it can attain 
improvement in a generating efficiency, protraction of a battery life, etc. 

[0040] In invention according to claim 2, the field-like heater is used as a heater f or starting For this reason, over the 
whole outside surf ace "of a fuel celfmain part, it can contact and the heater for starting can be arran ged. Therefore, 
fieating of a fuel cell main part is made efficiently, and can attain equalization of the temperature distribution in a fuel 
cell main part effectively. Moreover, since the rate for which it accounts within the housing of the heater for starting 
can be made small, miniaturization of a portable fuel cell and lightweight-ization can be attained. 
[0041] In invention according to claim 3, t he heater for starting is embedded in the crevice formed in the ends boar d 
inside of a fuel cell main part. Therefore, since a fuel cell main part is directly heated from the inside at this heater for 
starting, there is little heat loss of the heater for starting, and equalization of temperature distribution can be attained 
effectively. Moreover, since the heater for starting is arranged inside the fuel cell main part, the configuration of a fuel 
cell main part is simplified. Therefore, lightweight-izing of equipment and simplification can be attained. 
[0042] In invention according to claim 4, since the heater for starting is a cylindrical heater usually marketed, it is 
comparatively cheap and economical. Furthermore, since adiathermancy material is arranged in the outside side of an 
end plate while the heater for starting is embedded to the interior of the end plate of a fuel cell main part, there is little 
loss to the exterior of the heat generated at this heater, and it can heat a fuel cell main part efficiently. 
[0043] In invention according to claim 5, as for the rate of arrangement of the heater for starting, the air inlet side is 
high rather than the air-outlet side. Here, although it is hard to go up temperature in order that the air inlet side of a fuel 
cell main part may contact low-temperature reaction air, if an air-oudet side compares an air inlet side in order to 
contact exhaust, temperature will tend to go up it. Therefore, the temperature up by the side of an air inlet can be 
effectively performed by arranging the heater for starting in the air inlet side by which a temperature up cannot be 
carried out easily in a large area. 



[Translation done.] 
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b<X'% h . 2 EttOsff- * y/H^^TOtc <fc ii 

*WKft*ft^f*D5*=»o T E-T * i k 0 , 

«S1Kfi**^*ffi«:^*WtS»* <t < Wkth - k 

[0012] IS^^3l£«0^-^^/UM^ffi^ J:ix 
t - ? AWWW^^^IKM $ JifcGfl 

[0 0 13] a#fl4Ett^tf-*7/HIMTOfc<Wi 

flM*«stf538«rt«tca«>aiiiT^S!t«)s at- 

J: 0 fcS5^a«!lc»LTBv^JK'r 

[00 14] 

ft 9, H2ttHlKfclt*X-Xttffiffi0T*&. 
[0015] *-77/H»fl*jfc»i % H 1 

(C, ^Wrta^PSfi 1 0 a , 1 0 b&l>* 1 0 etc J: ot 
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4 

4O02f§jA. B, C&tfDfc&fflSftT^*. fffcl 

* i cj^imc tiaftfltftt-ca o . ±»2iaD 
httosajRAn 1 1 Bx/samtoQ 1 2*<^m 

10 SI 3£^<£l>«r kie±-?T. fffcl £OTW4£fc 
[0016] y^JRSSAtt. iliOT 

20 [0017] frfc, iftfd£&2 1 <?>-l5Mt, Jbtf fc* 
*#;W0BnaSLnfc**;&77-2 2jOTftfcftT*J 
0, SE*r7-2 2fc7fc3RttttflH-e-sf!-;i/P2 3fc 

jwo- * oastcr / — k£E uflrtr oMt: * v - h s: 

EL-Cfc**^ lk, *TOflfc2«a», -bT^Tfi 
C*##XiItt*#J«T&H:><U-* 3 2k fcXSfctt 

30 - F 2 3 arA*3R»asflfr?-*-^ H 24 **IWt 
[0018] ;«WI*3^1rt^« 

armii, gi2c^epp iat/P2T'WJ:ofc, 

2k«RX»$ii**i*i(ciSi3eSiirv^. «s^w«= 
3«rfllJ«LTV^Wa«3 3«0^«DBt:(i. H3fc5rf 
JrotC, -Wjgt&fflt-^3 4* { Elg$nT^4, W 
T, Kje»fflb-^3 4tov^TK««. 
[00 1 9] jgiftfflt-^3 4ti, Mitt3EV^B5ttO 
40 250W->-U3>7^-t-^T'250, fflfcHEft** 

3<r)f%v&m 3wtt&m£mzhtzr>ximixm&z 

fM»Lr«8fl«afi*«c3tjiafcL, a«<oa»*tiiff 

[0020] wEiea»fflt-^ 3 4«. Rn.%wmDfi 
tait^n/c*j«»3 5kmme<)tc«^$nT^o, a 

50 0£«A«-3£»fflJSLhrAiilf . ^W^as^fr^IlfiC 



(4) 
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[002 1] UZffi&tz X 0 , ^-^r/H8f4*>6Wia 
-«It\ i£S»lfflt-*3 4(i. flffieM 

[0022] t&fc#j^- ? WBf4*?6(i , @ 2 1» 
Tti. J8IMlt-*34li* #Utf4 0 0W-SND7 

[00 2 3]-*. 3jsWtW^e»fflt-^3 4tt. 0 
3 teat X o JBfWWfr 3 copiSS^ 3 3 <ottfiffi 



[0024] *$tm\izmh%smt-9 3 44>s&* 
a-t^o mf%3 om±)v i&ftw*fr) <7)*ti?tuz 

oivc2»AD«E. H. X S .**8F. I. L05 
[0025] 09tt. ±E^»tfc(t6*3 0**A/ 

[0026] ^Cttemic«fcoTitJWt 

[0027] 
[HI] 















100 


65 


80 


**** 


100 


75 


85 



Wfc?*L< ioo*ct-*>£#, *mmmiz&vhm\ 

TO**3i*K0«fijaJK»i7 5 , C , Cft l ). 

m?USO'CVt><>tztf~ **JtWC(i8 5 , C4T»< 
&vcv*4. fc->T, **tt«T««P4«fi**3rt^ 



[00 28] SA>fc. »TO*i*3rt^JSti^m 

(H-fe^) , 1^1 em-tfc &lX!B3 0JB'fe^ 

[0029] 
50 [&2] 
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7 




8 






•fe^CECmV) 


(*D 


1 


400 




16 


500 




30 


400 


(*2) 


1 


470 




16 


500 




30 


470 



♦ DfciMFK J30mA/cm 2 , 'Erfe^&S 60TC 
*2)«Mf£ 130mA/cm 2 , Srtfe¥^7SS 651C 

[00 32] (WW3) *tt«3fcffi*!K-^7'/HIR 

3 4 (OflSflira** 3 AUOESUBSStfKc T V ^ *f(f 
Tfti. H5U;. HttW3H««tft«Sfi«l**3<0^: 
WsEI-CA*, ttflTO**3*«J*LTV)*Htf^^ 
3 3W^ffii*ti. **l**ljeftfflt-*3 4aat/3 

e»$*vcv^. bp*>. m®mt-?<D®&3 3izm- 

SEaW. ^ftP&^tS^PIBT'S^^T 
n*. Wi-tfffiSlUnBlteJSV^ii, £SSfi*3 3<7)J:& 

3 4a*«is$nrv^^ ffi«ajaiiifc*5^"cti, * 

aS«3 3<0±S. T»^3^i^fc#frftT* 
[00 3 3] flmffift**3c02^nil!lifiatf)Ri5 

WW^. fl^T, ^S)fflt-^34a$-^a$ 
ft£ < v ^SvAPlSUl/^ ^iBWCSR-f * - 1 1 J: 0 . 

«c 3 rt^fflJJWHlW)*&-' fe£H ft - 1 * . 
[00 34] (&ttffl4) Hl6(C*rtJ:3fc:* - 
^^3 3^h«BB^*ici3fc->T1flWi (EBWC 
Ii9il> *Vh£tf>S»fflt-*3 4bfcEft$£, 0^ 
L6^*fla»CJ:oT*#iW.«je»fflt-^34bS: 

[00 3 5] <imfl5> »W5fc«*#-*7/HK 

3 40^^^^1SHfe*«c3^iei£JB®^ ; Sr^ T 



«2li, ±iSO*lftCi3ltS'b^«E**U-CV^. It * 

14, *iaWfct£*W4:"C*t< 5 0 0iTiV-Cft4^ 20 
4^Wfcfc»«lin*&lf»3 0**;U Cft^HSH: 
;U) <?D-b/mtEti4 7 0mVrA l 5. t^*WU«(tft^ 
lM&Vm3 om^fc (ftMIHrA') O-b/U«E* t 4 0 
0mVC*-BCtt=Wt-C7 OmVfc»<fr->TH*. 

fagot, ^TO#*3rt^a*#ff#%-^s*i*£ 
[00 3 0] bZbX\ *HttWC(i. j»m«ft**3 

fcoivcSWfrt*. frfc. *H»W(4±te«tlffll kit 
jmfflt-^3 4^fl«a**3AU0fi»JBJB 

«com*(co v *t < ism £ & . 

[ 0 0 3 1 ] 04 (ilU&ffl 2 fcJSit&WlfiUKW* 3 *> 
-»#«a-Cft&. «WEft**3£fltlftl/0*S-*t 40 

cossMR3 3(i. wimmvm&ztix^zbmz. * 

3CEift1'ft^rf><0t^TA r ). je»fflt-7 3 4liK 

frmmwzttf&ztim&bz^T&t) . msgnm 
t~?3 4bmx<$&&2tih. t^^-c, 



(6) 

9 

^*tf<fcA4. ism** mmsizti^fm^m 
s*^flii4]t«>twB!&tttffl (iawr ) 

fc, #SSSI«3 3<0l*l«Cli. 7k¥trifi|t1S»ffl(0W9 

[00 3 6] |»3t-?3 4c(i, 0iUif5OW^flf 
(IS4mm, I?70mm) t-?Tft*K 07iC 
ftftffl P 3 ft*^ , Hote^Rft^^ 5 2 coft 

34ct±, #^3 3^rtSfcS^*ftTi3»). 

$&3 StOWmWiEBfSS&ttW^**^* 1 -^^*^^- 
gl&E h - 9 3 4 c 3 ttA^gfctfD JI5te0« 

Sfcfc* S0BttMt-^34cli. *SaK3 3?) 

ft) t^flM***^. tsHT. S6«Wt»l«a*#3 

[0037] *aE«Wr(i. m£t-?34c£ 

sg«3 3ort»u*T*rtt«ftatfWS*Ufe*<v ^ 
™*t-^*««3 3<ortiifc:«Aatfiti 

[0038] 

[0040] im%2im<om£&^xtt. 
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1 0 

9 rivmmmtcmc. e*ft£® s - 1 a*?* & . 

[004 1 ] fS#JI3teK^0J!KfcVvm, 

@4it!&«r&s. je«Mt-^ 

[0042] fS#*4iEaco^K*iVvC(i, 8Ktf3t 

[0043] H#*5§a<^Hfc8vrC(i. jgttMb 
3*l£< u^APi3JMv^ffi«T'Si5-rS £ J; 

[OT^fs*£t& H jn 

[Hi ] *%mzm^mizm&x~97)wm 

[02 3 HlfcfittSX-XttBrBBHTfti. 
[03] 5^1tJ3«t4iW*fl!****taT'*» 
&. 

[04 ] SliW2tfi(t«IW«?fi****t---»^» 
[05] ||Jt«3C4i(t4«^««fi*«!Sr*tBrcA 

[06] nmw4\zwi hm*%i&*fo**tmx'h 

[07 ] «J6M5t^(tS«SW*J6**«:^H"C'A 
*. 

[08] S«tMv^jl»ieflS*#rt^MfflSfflfiSr 
[09 ] mm 1 Rt/fi£*WK:iS^4«m***ttEl*i^ 

1 

2 tK^ASjS^^^^ 

3 ^^l^ife** 

3 l -t;u 

3 2 

33 mn 



(8) 



[124] 




(9) 
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